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value, which when r multiplied! divided by the stored 
coefficient, yields the absolute reflectance value of the 
unknown material. f\/ 







Col, 1, line 60: amend the first five lines of this 




paragraph as follows: --FIG. 1 illustrates a typical microscope 






for measuring reflectance in the ultraviolet range. Since the 
material used in the construction of typical refractive lenses 
[is chromatic or] is opaque to UV radiation, [only] reflective 
optical devices fmavl should be used. Hence, a UV sourcef^/ 




Col. 2, line 60: delete "and multiplication" . 

IN THE CLAIMS 
Rewrite Claim 6 as follows: 






6. The method claimed in^Ci^rim^T wherein said known 

ma^PT*i s 1 "i c an a T iitti "i t\mtA cnop i Tnon 
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Claim 7, line 1, after "Claim" delete "6" and insert — 1 — 
therefor. 

REMARKS 

These remarks address the Examiner's comments in the 
Office Action. Claims 1-5, 7 and a rewritten Claim 6 remain in 
this application. Claims 1-5 and 7 have been indicated as 
being allowable if rewritten or amended to overcome the 
rejection under 35 U.S.C. §112. An Information Disclosure 
Statement was forwarded as part 7. of the Reissue Application 
Transmittal. Copies of the references were furnished. 
Inadvertently, a Form 1449 was not included in the Transmittal. 
It is requested that the Examiner return an initialled copy of 
the enclosed Form 1449 to Applicant. 

Claims 1-5 and 7 stand rejected based on a defective 
reissue declaration under 35 U.S.C. § 251 (37 C.F.R. §1.175). 
Enclosed herewith is a Substitute Declaration for Reissue 
Application by Mr. Vincent J. Coates, inventor and Chief 
Executive Officer of the Assignee Nanometrics Incorporated 
which fully sets forth what the errors are, how they arose and 
when they were discovered. Thus, each of the matters re the 
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defective declaration are readily seen to be satisfied in the 
Substitute Declaration for Reissue Application. The 
corroborating Declaration of Mr. Lin supports the Declaration 
of Mr. Coates. 

By the amendment above the applicant has deleted the 
descriptive material that had been added in the reissue 
application at Column 1, line 38 and has reinserted "aluminum 
specimen" into the specification to overcome the rejection 
based on new matter. Rewritten Claim 6 is directed to the 
aluminum specimen species. 

Claims 1-5 and 7 stand rejected under 35 U.S. C. § 112 
first paragraph for the reasons set forth in the new matter 
objections to the specification. The new matter material 
sought to be added has been deleted. The § 112 rejection of 
the claims is now moot. In view of the new matter deletion, it 
is submitted that the rejection has been overcome and no 
rewriting or amendment to Claim 1 appears needed. The 
dependency of Claim 7 has been changed to reflect the rewriting 
of Claim 6. The correction of the errors as enumerated in the 
Substitute Declaration and as shown in the revised Reissue cut- 
up do not involve new matter. Each error, as attested to in 
the corroborating Declaration of Mr. Lin, was such that one 
would appreciate not only the existence of the error, but what 
the error was and what its. correction would be. This is a 
test for new matter as set forth in In re Oda et al. 170 USPQ 
268, 272 (CCPA 1971). Further, reference is made to Ex parte 
Marsili et al. 214 USPQ 904 (PTOBA 1979) where a change in a 
structural formula was held not to be new matter. Further, the 
Board in Ex parte Marsili et al. at 906 at the bottom of the 
second column stated as "persuasive" and logical a quote from 
Appellants' Reply Brief namely, 

"No one derives any benefit from an erroneous 
statement - neither applicants nor the public." 

It is submitted that this Amendment together with the 

accompanying Substitute Reissue Declaration by the Applicant 

places the Reissue Application in condition for allowance. It 
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is respectfully requested that, upon such allowance, all the 
references cited in the original patent and by the Applicant in 
the Information Disclosure Statement included as part of the 
Reissue Application be printed on the Reissue Patent. 

Allowance of this application for reissue is requested. 



Respectfully submitted, 




Linval B. Castle 
Attorney for Applicant 
Reg. No. 20,332 



l hereby certify that this correspondence is being deposited with the 
United States Postal Service as first class mail in an envelope 
addressed to: Commissioner of Patents and Trademarks, Washington, 
D.C., 20231, on ^uJL 1 , 1994. 
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« Figure 1 



c=3 F/gure 2 



28 



AT WAVELENGTH X, MEASURE REFLECTANCE, mR, 
OF SAMPLE WITH KNOWN ABSOLUTE RELECTANCE, aR. 
STORE VALUES OF X, mR AND aR 



I 



DIVIDE mR BY aR TO OBTAIN SYSTEM EFFICIENCY 
COEFFICIENT, ZX, AT WAVELENGTH X 



STORE ZX IN MEMORY | 



I 



WITH SAME OPTICAL SYSTEM AND SAME WAVELENGTH 
MEASURE REFLECTANCE, mRx, OF SAMPLE, x 



I 



DIVIDE [M ULT)PLY)mRx BY ZX TO OBTAIN ABSOLUTE 
| REFLECTANCE, aRx, OF SAMPLE x 



[57] 



ABSTRACT 



A method for determining a value of absolute reflec- 
tance of a material at a|predetermine<Ij desired wav 
the ultraviolet range from Its measured reflectance 
which includes system losses contributed by optics, 
illumination sources, detectors, etc. The method in- 
volves the measurement of reflectance from a known 
material such as single crystal silicon whose absolute 
reflectance is well known, dividing the measured value 
by the absolute value to obtain a system efficiency coef- 
ficient at the known wavelength and then, without 
changing the illumination or optics, measuring the re* 
flectance of the unknown material and applying this 
coefficient to this measured value to obtain its absolute 
value. 
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METHOD FOR DETERMINING ABSOLUTE 
REFLECTANCE OF A MATERIAL IN THE 
ULTRAVIOLET RANGE 

5 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to the determination of reflec- 
tance from a materia! and particularly to the determina- 
tion of absolute reflectance independent of losses in in 
associated optical system. 10 

Some materials are transparent with very little inci- 
dent energy being reflected from the surface and some 
materials are opaque and absorb nearly all incident 
energy and reflect very Httie. In many matemls the 
Q-atio of incident energy to reflected energy. ojrjreflec- 15 
tanceTjvanes according to the wavelength of The inci- 
dent radiation. For example, silicon as used in electronic 
microcircuits is transparent to infrared wavelengths, 
translucent between about one micron and infrared, and 
opaque to ultraviolet radiation. 20 

It is often necessary to determine the energy absorp- 
tion of some material w ith unknow n chemical contents. 
An accurate value for absorption can easily be com- 
puted from a knowledge of the absolute reflectance 
from the unknown material since the incident energy 25 
can only be divided into absorption and reflectance. But 
a value for absolute reflectance is not readily obtainable 
since any measured value of reflectance at some prede- 
termined wavelength is contaminated by losses contrib- 
uted by the system optics, such as absorption of lenses. 30 
illumination sources, beamsplitters, gratings, detectors, 
etc., all of which also vary with- wavelengths. 

The object of this invention is to determine the abso- 
lute reflectance value of a test material at a desired 
wavelength, from a measured value of reflectance. 33 

Briefly described, the method involves the steps of 
measuring the reflectance of a known material, such as 
single crystal silicon or aluminum specimen, at the de- 
sired wavelength, computing the value of absolute re- ». -n 
fleciance from the index of refraction and absorption data available in [myriads off 40 
handbooks, and then dividing the absolute value by into the 

measured value to derive a product which is the system efficiency coefficient (of all optical system 
coefficient^ This value of the coefficients stored. An 
unknown material is then tested with the same un- 
changed optical system and at the same wavelength to 43 
obtain a measured reflectance value which, whenjmulti- 
pltedQ divided by thestoreo coefttctem. yteios tne absolute re- 
flectance value of the unknown material. 

BRIEF DESCRIPTION OF THE DRAWINGS ^ 

In the drawings which illustrate the preferred em- 
bodiment of the invention: 

FIG. 1 is a schematic drawing illustrating a reflective 
microscope and detector processing apparatus for ultra- 
violet examinations; and 33 

FIG. 2 illustrate the steps for determining absolute 
reflectance of an unknown material. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a typical microscope for measuring 60 
reflectance in the ultraviolet range. Since the material 
used in the construction of typical refractive lenses is 
[chromatic or) opaque to U V radiation, only reflective 
optical devicesfmav) should be used. Hence, a uv source 10 
with known output energy, sucn as a deuterium dis* 65 
charge tube, with output beam condensed by a small iris 
12 is reflected from a planar quartz beam splitter 14 into 
a reflective objective lens 16 which focuses the UV 
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beam onto a specimen 18. The image from the specimen 
IS is magnified by the reflective objective and. after 
passing through the planar quarto beam splitter 14,* is 
focused into a monochromator 20 uhere the image 
5 beam is passed through a narrow slit to isolate a narrow 
band of wavelengths before detection. 

The detected image beam, after being convened by 
an analog-to-digital converter 22, is applied to a com- 
puter 24 having a memory 26 and an input -output de- 
10 vice 28, such as a keyboard terminal. 

When the microscope system of FIG. 1 is used for 
measuring reflectances, all optical elements such as the 
beam splitter 14, the several reflective surfaces of the 
objective lens 16 and the internal optical elements in the 
15 monochromator 20, absorb energy from the incident 
radiating beam of the source 10. Funher. the absorbed 
energy varies with variations in the incident wave- 
length. 

A value of reflectance can easily be measured with 
20 the microscope system, but that is a measured reflec- 
tance. mR, which has little value since it includes the 
unknown system losses resulting from the energy ab- 
sorption of the optical elements. The type of reflectance 
of value is the absolute reflectance. aR. the ratio of 
25 reflected energy to incident energy, independent of 
system losses. 

Absolute reflectance of an unknown material can be 
determined if one knows the values of both absolute and 
measured reflectance of a known material at the desired 
^ wavelength. With this data, the system losses, or system 
efficiency coefficient. ZX. at wavelength X. is computed 
by merely dividing the measured value by the absolute 
value of reflectance. Many reference books list tables of 
refractive index and absorption of various materials at 
35 various ^frequencies! wavelengths ana many also list the values of 
absolute reflectance at various wavelengths, thus, ab- 
solute reflectance values. aR. are available or calculable 
for several pure materials, such as single crystal silicon. 

With knowledge of an absolute reflectance value. aR. 
of a particular pure material at some known wavelength 
X, the system efficiency coefficient. ZX at that wave- 
length, is determined by measuring the measured reflec- 
tance. mR. andfaivide] dividing by aR: 



40 



45 



Zk-mR/aR (1) 



To determine the absolutely flectance. aRx, of a ma- 
terial, x, measure the[measuredjreflectajice. mRx, of that 
unknown material, x, at the same wavelength. X, and 
50 with the same optical system. and(mulnply[ d iv ide the results 
by the system efficiency coefficient, ZX. 

cA*»m*jttzx)J aRx=mRx/ZX m 

53 The determination of absolute reflectance can readily 
be performed by the computer system illustrated in 
FIG. 1. The value aR of the known material at the 
predetermined wavelength is entered through the key- 
board 28 into the computer 24 which is programmed to 

60 perform the simple divisionJTnd multiplicationjshown in 
Equations (1) and (2) above. The value. aR is stored in 
the memory 26. The reflectance. mR is then measured 
of the known material 18 on the microscope stage and 
the detected value is stored into the memory 26. The 

65 computer 24 then performs Equation (1) and stores the 
efficiency coefficient. ZX in memory. Without making 
any changes in the energy source or the optical system, 
the known material 18 is replaced with the unknown 
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material, x, and the reflectivity is measured to obtain the 
value, mRx, which is applied to the computer 24 along 
with the efficiency coefficient ZX, in memory. The 



material, x. 
I claim: 

1. A method for determining an absolute reflectance 
of material from a microscopic measurement of its mea- 
sured reflectance in the ultraviolet radiation range, said 
method comprising the steps of: 
determining a value of absolute reflectance of a 

known material at a predetermined wavelength; 
measuring the reflectance of said known material to !5 
obtain a value of measured reflectance with a mi- 
croscope illuminated with radiation at said prede- 
termined wavelength; | 
with said values of absolute reflectance and measured 
reflectance, calculating an efficiency coefficient 20 \ 
representing all absorption and losses caused by the 
microscope optical system, its reflectance detectors 
and its illumination system at said predetermined : 
wavelength; 



computer performs the^multiplication] 
obtain the absolute reflectance, aRx 



division of Equation (2) to 
ot trie unknown 5 
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measuring the reflectance of an unknown material to 
obtain a second value of measured reflectance with 
said microscope illuminated with said radiation at 
said predetermined wavelength: 
5 applying said efficiency coefficient to said second 
value of measured reflectance to obtain a value of 
absolute reflectance of said unknow n material. 

2. The method claimed in claim 1 wherein said step of 

applying includes the step ofrmultipivir^dividinc* «,h *»^a 
(0 value by said efficiency coefficient. " 5 gXviqin< T sa,d sec ° n <* 

3. The method claimed in claim 2 wherein said micro- 
scope is a reflecting microscope. 

4. The method claimed in claim 3 w herein said prede- 
termined wavelength is in the ultraviolet radiation 

15 range. . 

5. The method claimed m claim 2 wherein the deter- 
mined values of absolute reflectance of said known 
material, said value of measured reflectance of said 
known material and said value of measured reflectance 

20 of said unknown material are stored in a memorv of a 
computer that performs the step of calculating said 
efficiency coefficient and said \alue of absolute reflec- 
tance of said unknown material. 

• • • • • 

25 



30 



6 ' method claims „ lrHm 1 } , 

35 aluminum * r ^^ n wnerfMn said known mat^.i ^ 1 
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single cryf,i sil j nnn wherein Rni d kn^ -^rim j r 
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